Anthropometric databases are essential in biological pro- This study presents a simple and reliable approach to predict stature, which may help forensic scientists in disaster victim identification and in medico-legal jurisprudence. has become necessary for regression formulae to be documented which will serve as reference points. Hence, the present study on stature reconstruction from percutaneous long bones of adult Nigerian medical students at the University of Lagos was carried out.
ern populations. The conclusions made from those studies have clearly stated that the derived regression equations are population-based and cannot be applied when reconstructing stature in other populations. Therefore, population specific studies are necessary for deriving population specific regression equation for stature reconstruction. In Nigeria, there is still a paucity of forensic anthropological data even with the increasing rate of man-made disasters like bombings, road traffic accidents, politically influenced assassinations and more recently, flooding. To this end, it has become necessary for regression formulae to be documented which will serve as reference points. Hence, the present study on stature reconstruction from percutaneous long bones of adult Nigerian medical students at the University of Lagos was carried out.
Materials and Methods

Ethical Approval
In order to carry out this study, ethical approval was 
Informed Consent
A signed informed consent was obtained from for all participants. First, the procedure for measurement, purpose for the research and possible personal benefits were explained to the participants through information contained in the official informed consent document. All participants received a guarantee of respect and preservation of their personal information, anonymity throughout the measurements and the right to withdraw, if so desired, at any stage for any reason.
Study Design
The present study sample comprises 230 (100 males and 130 females) undergraduate and post-graduate medi-
Introduction
Disaster victim identification and biological profiling are conducted by experts using specific protocols developed after years of intensive training and experience.
Nevertheless, standard approaches do not always meet the needs of certain crime or death scenes, especially when highly decomposed or skeletonized bodies are involved [1] [2] .
In many cases, the forensic expert is confronted with severe decomposition which may damage vital characteristics for the identification process such as facial attributes, fingerprints, eye and hair colour, scars, tattoos, etc. The remains can be affected by environmental conditions, fire, animals or even by the perpetrator to prevent positive identification [3] [4] .
Body segments have shown consistent ratios relative to the total body stature and these ratios between body segments are specific to age, gender, physical activity and population. This provides a baseline for human identification [5] [6] [7] [8] [9] which is an important element in all forensic cases [10] . In medico-legal investigations, identification of a person whether dead or alive is important as it helps in connecting the suspect to the crime [11] [12] .
Many characteristics can be used to identify a person's stature, which is considered a prime feature that can easily narrow down the unknown person's identity [13] . Stature reconstruction has immense anthropological importance when identifying the deceased using only a few body parts [14] . When a forensic expert is faced with a situation involving dismembered and fragmented body parts, vital questions such as the height, gender, and race of the victim become imperative for the purpose of unraveling the true identity of the deceased [15] .
There is a lot of research on different populations concerning stature reconstruction using different parameters such as length of long bones, spine, hand dimensions, metatarsal lengths, skull, and scapula, etc. [16] [17] [18] [19] 
Equipment Used
(1) Stadiometer: SECA alpha® model 770, Germany.
(2) Segmometer: The anthropometry segmometer used was constructed from a non-stretchable tape calibrated in centimeters by the investigators. 
Anthropometric Measurements
Marking of anatomical sites
Marking was done based on anatomical sites recommended by ISAK [41] . The following anatomical sites were marked:
Vertex:
The most superior point on the skull in the midsagittal plane when the head is held in the Frankfort plane.
Acromiale:
The point at the superior and external border of the acromion process when the subject is standing erect with relaxed arms.
Radiale:
The point at the upper (proximal) and lateral border of the head of the radius.
Radial Styloid: A projection of bone on the lateral surface of the distal radius bone.
Stretch stature measurement (SS)
Measurement of stature was taken with a standard calibrated stadiometer. The measurement was taken by making the subject stand barefooted and erect on a horizontal resting plane of the stadiometer, having the palms of the hands turned inwards and the fingers pointing downwards after inhalation. The stature was measured as the vertical distance from the vertex to the floor of the stadiometer on a barefooted person.
Measurement of forearm length (FAL)
FAL was measured as the distance from the radiale to the radial styloid (Radiale -radial styloid).
The elbow was flexed to angle 90 degrees and the ori- 
Measurement of arm length (AL)
AL was measured as the distance from the acromiale to the radiale (Acromiale -radiale).
The subject stood erect with the arms at the sides, palms against the thighs while measurements were taken (Figure-2 ).
Statistical analysis
All data were analyzed using Statistical Package for Social Sciences (SPSS) software version 20, Chicago Inc.
Descriptive statistics was done and presented as mean±SD.
Pearson's moment correlation coefficients (r) were analyzed to know the relationship between stature and long bones of the upper limb. Scatter plots showing regression line were analyzed using Microsoft for Windows 7. Simple and multiple regression models were derived to reconstruct stature using Durbin Watson enter and stepwise method.
Independent sample t-test was also employed to ascertain sexual dimorphism (p < 0.01). Table-1 Stature reconstruction regression equations were derived using the regression formula as follows:
Results
Y=mx+c (Table-3 
Figure 6-Scatter plot of stretched stature (cm) vs left forearm length (cm) and left arm length (cm) in females.
ear equations of stature reconstruction from left and right side percutaneous long bones in male and female cases with various levels of precision as observed in coefficients of determination (R 2 ). The higher the R 2 value in the equation, the more precise the outcome of reconstruction could be.
Nandi et al. 
Discussion
Estimation of stature from long bones of upper extremity has been investigated extensively by different authors, whose findings have all attested that the parameters (arm and forearm lengths) are reliable and accurate determinants of human stature [16, [20] [21] [22] [23] [24] . The present study investigated a previously unstudied adult Nigerian population in the University of Lagos. This study was an attempt to provide a database for a Nigerian adult population by providing regression equations that are particluar to people of Nigerian decent. This database may be used whenever stature reconstruction is needed as a means of human identification in cases of disaster for victim identification and biological profiling [3, 25] .
The present study showed statistically significant differences (p < 0.01) between males and females in both forearm length and arm length. This corresponds with the differences in their average stature, which is higher in males than females. These results are in conformity with the work of Borkar [26] and Ahmed [27] . They reported that taller people tend to possess longer limbs than their shorter counterparts. They further speculated that males were observed to be taller than females, which is in tandem with the present results.
The results of the present findings observed strong correlation coefficient between stretch stature and long bones of the upper extremity, when compared to the work of Chikhalkar et al. [20] on estimation of stature from measurements of long bones among the Mumbai population.
They found strong correlation between stature and forearm length of (r = 0.6558) with positive significant correlation at (p < 0.01), but the r-value was lower than the result of the present study. This connotes that the regression models derived for stature reconstruction from this study could be more reliable than the report of Navid et al. [22] were not similar to the equations derived from this study to reconstruct stature.
Borker [26] , while studying the western region population of Maharashtra, India, also reported strong positive Forensic studies are useful in human identification, especially when mutilated and dismembered body parts are found at crime scenes. In addition, establishing the true identity of victims of natural or man-made disasters is essential. Therefore, the derived regression equations from the present study may be of relevance in reconstructing stature, which is a vital attribute in human identification.
Conclusion
Reconstruction of stature from long bones of the upper extremity is of great medico-legal relevance. This study recorded a strong relationship between stature and long bones of the upper limb segments. Eight simple linear regression equations and four multiple linear regression formulas derived in this study reliably reconstructed stature in an adult Nigerian population. There was no statistically significant difference (p < 0.01) between the measured and predicted mean stature. Therefore, these equations are reli-able tools to predict stature in a Nigerian population. The application of these regression models in other populations might provide incorrect prediction results. It is hoped that the derived formulae will help in forensic identification when only partial remains are found.
